Cloning and characterization of the astaxanthin biosynthesis gene cluster from the marine bacterium Paracoccus haeundaensis.
Carotenoids are important natural pigments produced by many microorganisms and plants. In a previous study, we isolated and characterized a marine bacterium, Paracoccus haeundaensis, which produces carotenoids, mainly astaxanthin. In the present study, a carotenoid biosynthesis gene cluster involved in the production of astaxanthin was isolated and characterized from this marine bacterium. The cluster contained six carotenogenic genes, five of which, with the same orientation, were designated crtW, crtZ, crtY, crtI, and crtB, and one of which, with the opposite orientation, was designated crtE. The crtW, crtZ, crtY, crtI, crtB, and crtE genes contained 726, 486, 1158, 1503, 912, and 879 base pairs, respectively, and encoded polypeptides of 242, 162, 386, 501, 304, and 293 amino acid residues, respectively. The stop codon of each crt gene, except crtE, overlapped the start codon of the following crt gene. Comparisons of the structures and nucleotide sequences of the crt genes showed that the signature domains of the carotenoid biosynthesis genes are highly conserved. The molecular phylogenetic tree analysis showed the evolutionary relationships among the carotenoid biosynthesis genes of various organisms. An expression vector (pCR-XR-TOPO-Crt-full vector) containing the astaxanthin biosynthesis genes was constructed and transformed into Escherichia coli BL21(DE3) Codon Plus cells. The E. coli transformants produced 400 microg astaxanthin per gram of dry cell weight.